Spent coffee ground is a primary by-product obtained during soluble coffee processing and potential to be used as a high value product due to its protein content. The quite popular effort to utilize protein-contained material is to process it to hydrolysate which also possess antioxidant activity. This research was aimed to study the possibility of protein and antioxidative compound from spent coffee ground by means of enzymatic hydrolysis using crude papain enzymes. Crude papain was used in different concentration ranged from 2, 4 and 6% to incubate the spent coffee grounds for 2, 3, and 4 hours and then analyzed for its protein content and its antioxidant activity. Response surface methodology was employed to study the tendency of the effect of incubation time and enzymes concentration towards hydrolysis results. The result showed that the use of crude papain was effective to liberate the protein and antioxidant compound from the spent coffee ground with its optimum condition utilized 6% of enzyme and 2 hours incubation time. At mentioned condition, it could extract up to 67.4% of the protein of the spent coffee ground and its hydrolysate possessed relatively high antioxidant activity.
INTRODUCTION
The concern of the effort to convert agricultural by-products into high value added product has become a great interest in agricultural studies. The production of proteinbased product is one of the most popular utilization of plant-based agriculture material. Protein hydrolysate is one of the hydrolysatebased product which can be produced from by-product that contain protein. Protein hydrolysate is defined as products of protein breakdown which resulted in smaller peptides of various sizes which can be achieved by means of chemical or biological process (Pasupuleti & Braun, 2010) . Protein hydrolysate usually is produced from low valuehigh protein content by-product such as fish, soy and whey. However, a previous report showed that the protein hydrolysate could be successfully produced from low protein content, materials such as rice bran (Hamada, 2000) , Jatropa quarks' (Gallegos-Tintore et al., 2011) , and sweet potato (Zhang et al., 2012) . The most interesting characteristic of protein hydrolysate may be its antioxidant activity which may serve as natural sources of antioxidant in food. Je et al. (2005; PELITA PERKEBUNAN, Volume 34, Number 2, August 2018 Edition previously reported that hydrolyzed proteins from animal and plant sources have been found to possess antioxidant activity. Several amino acids, such as tyrosine, methionine, histidine, lysine and tryptophan, are generally thought to have antioxidant properties. Further, Amarowicz (2008) also mentioned that the peptides obtained after hydrolysis might inhibit degradation of lipid caused by oxidation in which tyrosine, histidine, methionine and tryptophan are considered as the main player responsible for the antioxidative capabilities of protein hydrolysate. Acid or base hydrolysis and enzymatic hydrolysis are the common method to produce protein hydrolysate. As reported by Pasupuleti & Braun (2010) , the use of enzymes in the making of protein hydrolysate provides significant advantages compared to acid or base-based processes. Not only enzymatic hydrolysis require a relatively small amount of enzymes that can be easily deactivated and relatively easily-controlled conditions of hydrolysis (temperature and pH), selectivity characteristic of the enzyme also provide more specific result compared to that of acid and base hydrolysis. Among popular protease enzymes such as protamex, alcalase and falvourzyme (Herpandi et al., 2013; 2017; Karamac, 2016) or plant based enzymes such as papain (Hoyle & Merrit, 1994; Shahidi et al., 1995) and animal sources (e.g., Pepsin (Viera et al., 1995) and chymotrypsin and trypsin (Simpson et al., 1998) , papain is one of the protease enzymes that can be easilyfound and produced in Indonesia. The use of crude papain to produce protein hydrolysate will be advantageous since it is cheaper and easily available in Indonesia.
Papain belongs to cysteine protease enzyme (EC 3.4.22 .2) which is generally found in papaya (Carica papaya). Papain is reported to have wide varieties of activities covering both exo and endopeptidases activity. Endopeptidase hydrolyze alphapeptide bond in protein and generally resulted in the relatively long chain of peptide, whereas exopeptidases require free N-terminal amino group and/or C-terminal carboxyl group to perform proteolytic process and hydrolyze a bond not more than three residues from terminus to produce smaller peptides or amino acids. Rawlings et al. (2007) previously mentioned that the digestion of food proteins usually initiated by endopeptidases to generate new N-and C termini, and then it is continued by exopeptidases which utilize that product as a substrate to complete the proteolytic process. The occurrence of both of exopeptidase and endopeptidase will guarantee the complete performance of protein hydrolysis.
Spent coffee ground (SCG) is a notable by-product usually generated during coffee processing or during brewing process prior to consumption (Cruz et al., 2012) . It is reported to contain large amount of beneficial compound such as fatty acids, amino acids, polyphenols, mineral and polysaccharides (Campos-Vega et al., 2015) . A lot of interest has been addressed especially on the antioxidant compound of underutilized SCG in term of its antioxidant activity (Esquivel & Jimenez, 2012) . Several investigations have been carried out to extract those beneficial compounds by mean of solvent extraction (Murthy & Naidu, 2012) , and enzymatic hydrolysis (Esquivel & Jimenez, 2012) . However, there is still no report of the utilization of freshly made papain enzymes to extract the antioxidant compound from SCG, thus this research aimed to study the utilization of papain to extract antioxidative compound from spent coffee ground and to measure its antioxidative capability to determine optimum conditions of hydrolysis of the papain solution system.
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MATERIALS AND METHODS
The spent coffee ground was obtained from a coffee processing plant in Indonesian Coffee and Cocoa Research Institute (ICCRI) Jember, East Java. The sample used in this experiment was the spent coffee ground obtained during the extraction of coffee powder. The SCG was characterized with 7.95% of moisture content, 2.94% ash content, 19.05% of fat content and 19.5% (db) of protein content. The papain enzyme was prepared independently utilizing local papaya planted in Kaliwining Experimental Station, Jember, East Java. The research was conducted in Post-harvest laboratory of ICCRI, Jember
The experiment was carried out using face centered central composite design based on randomized, factorial design of response surface methodology (RSM) with five replications at the center points by two variables each trial (three levels of each variable). The independent variables were enzyme concentration (A), and hydrolysis time (B). The levels of variable were coded as (-1, 0, +1) in which the actual level of enzyme concentration ranged from 2, 4, 6% and actual level of hydrolysis time was ranged from 2, 3, and 4 hours.
The papain was prepared based on the method of Sani (2008) which is previously mentioned in Febrianto (2016) . The activity of the enzyme was 1,080 MCU/g. The characterization of spent coffee grounds was done by analyzing its moisture content, ash content, fat content and protein content. The analysis was carried out using the method listed in Indonesian National Standard (SNI 3747-2013) (BSN, 2014) and Kjeldahl method for protein analysis.
The hydrolysis of spent coffee ground were carried out using water diluted-papain powder. Spent coffee ground were diluted with distilled water in the ratio of spent coffee ground to water was 1 to 4 prior to the addition of enzymes solution. The spent coffee ground solution was then added either using 0.5 N sodium hydroxide or 0.5 N Hydrochloric acid to adjust the pH at the point of 6.5 (the optimum pH of papain). The solution was then homogenized and 5 mL of the solution was transferred into a test tube. The papain enzyme solution was then added in various concentrations as much as 2, 4, 6% of spent coffee ground weight. The mixed solution was then incubated in waterbath set at the temperature of 70 O C for 2, 3, and 4 hours. Every 30 minutes, the mixtures were stirred to homogenize. After the defined time of hydrolysis was reached, the test tube was then dipped in boiling water for 10 to 15 minutes to terminate the hydrolysis process by stopping the proteolytic activity of papain enzyme. The solution obtained was then centrifuged at 3,500 RPM for 15 minutes and then separated between the supernatant and the precipitate. The supernatan was then filtered using Whatman filter paper grade 93 until solid-free solution was obtained. This solution was then stored in a screw capped bottle and stored in 4 O C until analyzed. This solution obtained from the hydrolysis process was then referred as SCG hydrolysate.
The protein content of the SCG hydrolysate solution was measured using the method of Lowry (Sudarmadji et al., 1997) . The Lowry A reagent was prepared by diluting 2 g of Na 2 CO 3 in 100 mL of 0,1 N NaOH. Lowry B reagent was prepared by diluting 0.5 g of CuSO 4 .5H 2 O in 100 mL of 1% sodium potassium tartarate. The Lowry C reagent was prepared fresh prior to analysis by mixing 50 mL of Lowry A + 1 mL of Lowry B. As much as 0.1 mL PELITA PERKEBUNAN, Volume 34, Number 2, August 2018 Edition hydrolysate solution was added to 8 mL of Lowry C reagent. The solution was then allowed to stand for 10 minutes prior to the addition of 1 mL Follin Ciocalteu reagent and then homogenized. The absorbance of the solution was then measured using a spectrophotometer (Perkin Elmer Lambda 35 UV/Vis Spectrophotometer) using a wavelength of 600 nm. The standard curve was prepared by using Bovine serum albumin in the concentration range of 0 to 3 mg/mL. Radical scavenging activity (RSA) analysis was performed based on the activity of the 2,2-diphenyl-1-picrylhydrazyl (DPPH). This analysis was carried out using the method of Kalantzakis et al. (2006) with some modification. The methanolic extract was prepared by diluting 0.1 mL of sample with 4.9 mL methanol. As much as 0.1 mL of the methanolic solution was then placed into a test tube and mixed with 4.9 mL DPPH solution (0.1 mM in methanol) then shaken vigorously. The solution was then placed in a dark place for 30 minutes. The absorbance of the sample mixture was then measured at 517 nm using a spectrophotometer (Perkin Elmer Lambda 35 UV/ Vis Spectrophotometer). RSA result was presented as 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox) equivalent.
Statistical analysis was carried out using Design Expert® version 7.0.0 (Stat-Ease, Inc., Minneapolis, MN, USA). The RSM model was performed at the 5% significance level in which p<0.05 was considered as significant parameters and non-significant parameters (p>0.05) were excluded. Pearson correlation analysis was done using SPSS software ver. 17.0 (IBM).
RESULT AND DISCUSSION
Our preliminary assessment of spent coffee ground showed that the protein content was quite high around 19.5% on dry bases. This was slightly higher compared to the calculation result of Febrianto (2013) which mentioned that spent coffee ground could contain 13.5% to 18.75% of protein (db). Compared to other study carried out by Apiwatanapiwat et al. (2009) , the production of hydrolysate also successfully carried out using the physic nut cake with protein content of 18.98%. On the material with lower protein content, the succeess of hydrolysis was also reported by Zarei et al., (2012) who used palm kernel cake (17.6% protein content) as the substrate of the hydrolysis.
Summarized Anova of response surface analyses on protein content and the antioxidant activity showed that the responses followed the quadratic model (Table 1) with good coefficient of determination (R 2 = 0.918). It was also found that the protein content only affected by the papain enzym concentration. Protein content as analysed with Lowry method (Table 2) showed that the content varied from 10 to 13.14 mg/mL of SCG hydrolysate. Wu et al. (1998) previously mentioned that the incubation of protein material utilizing papain enzyme could resulted in water soluble amino acid/peptides. On the optimum condition of hydrolysis (6% and 4 h), the soluble extractable protein was calculated for around 67.4% of total protein of the SCG. The enzyme concentration was only the significant factor means that the performance of the hydrolysis was independent to the time of hydrolysis. As shown in Figure 1 , the addition of 6% enzymes with incubation time for 2 hours resulted in not significantly PELITA PERKEBUNAN, Volume 34, Number 2, August 2018 Edition On the other hand, the use of enzyme with higher concentration resulted in significantly higher protein content obtained means that the protein degradation directly was actually happened. The insignificant effect of time along with significant effect of concentration might indicate that the degradable protein was available, but when it was accessible by the enzyme it takes longer time for the enzyme to connect with the next substrates. Ovissipour (2010) also mentioned that the decreasing hydrolysis activity might be caused by the limitation of enzyme activity by the formation of reaction products when occured during high degree of hydrolysis. It was also mentioned that other factors such as the enzyme inhabitation or enzyme deactivation might also contribute. However, the decrease in the concentration of peptide bonds available for hydrolysis supposedly not a deciding factor since the addition of more enzyme could resulted in higher protein content.
On the other hand, the antioxidant activity analysis showed that the antioxidant activity of SCG varied from 4.91 to 6.19 TE mM/mL. The responses of the treatment also complied with quadratic mathematical model with the coefficient of determination (R 2 ) was 0.943. Enzyme concentration, its quadratic effect and its interaction with incubation time were found to be significant factor for the antioxidant activity of SCG hydrolysate.
As shown in Figure 2 , the use of low concentration enzymes resulted in increasing trend of antioxidant activity of the SCG in prolonged incubation time. Otherwise, the opposite trend was observed in the SCG obtained from high concentration enzyme in prolonged incubation time. This result was sligthly different from the result of Centenaro et al. (2011) which mentioned that the use of higher concentration of enzyme resulted in higher antioxidant activity since higher degradation degree obtained from higher concentration of enzymes would resulted in increasing number of degraded protein (as peptide) and allowed the possibility to obtain higher number of hydrophobic peptides. However, the study was done in 3 hours of incubation time whereas in our study the incubation time was longer 4 hours. Jun et al. (2004) previously reported that the type of preotease enzymes used and the hydrolysis condition were significant factor which could determine the antioxidant activity of the hydrolysate. Rawlings et al. (2007) and Graf et al. (2004) mentioned that papain is categorized as endopeptidase, the type of protease that hydrolyze alpha-peptide bonds in polypeptide chain and tending to act away from the N-terminus or C-terminus. This type of enzymes tends to produce high molecular weight peptide rather than amino acid or oligopeptides (Chapot-Chartier, 2004; Dudley & Steele, 2004) . However, its is also mentioned previously by Uhlig (1998) and Tsuge et al. (1999) that papain belongs to papain superfamily which shows extensive proteolytic activities not only towards protein, but also to short-chain peptides, amino acids esters and amide links. Thus, papain could also shows exopeptidase activity and could also act as exopeptidases which utilize that product as a substrate to complete the proteolytic process resulting in amino acids or low molecular oligopeptides (Rawlings et al., 2007) .
The size of hydrolysate also plays important role in antioxidant activity. As mentioned by Wu et al. (2003) , small molecular weight hydrolysate showed lower antioxidant activity compared to that of hydrolysate with the size of 1400 Da. It was also in agreement with the result of Herpandi (2013) which found that hydrolysate from skipjack tuna, which were dominated with peptide in the range of molecular weight between 1000 to 3000 Da possessed higher antioxidant activity comparable to hydrolysate which is dominated with low molecular weight (<1000). Thus it was possible that the decrease of antioxidant activity utilizing higher concentration of enzyme in prolonged incubation time was due to the production of smaller peptides as the result of extensive enzymatic hydrolysis. It was also convinced by the result of Herpandi (2013), Foh et al. (2010) and Ovissipour et al. (2011) which also found that even using endoprotease enzymes, it could also produce low molecular weight protein if carried out on longer time of hydrolysis.
Further, since papain also could react diversely from complex to simple protein, it is reasonable that the longer the hydrolysis time, the extensive hydrolysis process tend to hydrolyze previously liberated peptide into smaller and lower molecular weight compound that resulted in low antioxidant activity eventhough resulted in higher amount of liberated protein. Our Pearson correlation analysis also showed that there was no significant correlation between protein content with the antioxidant activity of SCG (p>0.05).
CONCLUSION
The extraction of protein and antioxidative compound from spent coffee ground has been successfully carried out by means of protein hydrolysis utilizing papapin. The result showed that the spent coffee ground could be utilized further into antioxidative protein source since it could extract up to 67.38% of the protein and its hydrolysate also possess quite high antioxidant activity. The use of crude papain had proven to be effective to hydrolyze the spent coffee ground with its optimum concentration of 6% and 2 hours incubation time.
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